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INTRODUCTION 
This study investigates the stratigraphy, structure, and geomorphology 
of Black Mountain Quadrangle, Bighorn County, Wyoming. This report 
includes a geologic map with several cross-sections, terrace correlation 
profiles, and written discussion illustrating the geologic features of the 
quadrangle. Hopefully, this investigation will contribute to the develop-
ment and understanding of the geology of the Wyoming foreland. 
Field work was conducted during the summers of 1980 and 1981. Mapping 
was done on a U.s. Geological Survey 7 1/2 minute topographic base with 
40 foot contour intervals. Aerial photographs (1:20000) were utilized in 
mapping the area. Mapping done on aerial photographs was later transferred 
to the topographic base. Formational contacts were determined by litera-
ture review and discussion with the Iowa State Geological Field Station 
staff. Structural attitudes were taken with a Brunton compass. 
Location and Physiography 
The Black Mountain Quadrangle encompasses a portion of the western 
flank of the Bighorn Mountains and eastern rim of the Bighorn Basin. It is 
located between 107 0 37' 30" and 107 0 45' west latitude and between 40 0 30' 
and 47 0 37' 30" north 1atitude--an area of approximately 137 square kilo-
meters. 
The quadrangle lies within the Middle Rocky Mountain physiographic 
province (Fenneman, 1931) which is characterized by rectilinear, anticlinal 
uplifts and broad intermontane basins. Figure 1 shows the relationship 
between the Bighorn Mountains and the Bighorn Basin to surrounding uplifts 
2 
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Figure 1. Physiography and location of Black Mountain Quadrangle (modified 
from Bown, 1979) 
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and basins. The Bighorn Basin is an oval-shaped, asymmetrical, structural 
depression with a northwest trending axis that is off-center to the west 
(Samuelson, 1974). The Bighorn Mountains form an arcuate, convex eastward, 
range with a length of 192 kilometers and an average width between 40 and 
48 kilometers. The range is divisible into four major segments--southern, 
south-central, north-central, and northern--each characterized by a change 
in structural attitudes (Thorn, 1923, 1952; Heroy, 1941). 
The Black Mountain Quadrangle includes a portion of both the south-
central and north-central segments, which are separated by Shell Creek 
(Thom,1952). The mountain front displays both a change in strike and 
change in average dip between the north-central and south-central segments 
(Figure 2). The maximum relief which has developed between the mountains 
and basin in the quadrangle is approximately 1,287 meters. The mountain 
front is dissected by several spectacular V-shaped canyons, the largest of 
which is Shell Creek Canyon. 
Q,;'j ~\ovr­
Shell Creek, a tributary of the ~i~horn-
River, is the major drainage system of the area. Perennial tributaries of 
Shell Creek, within the quadrangle, are: Horse, Dry Horse, White, Trapper, 
Cedar, and Cottonwood Creeks. 
Road access in the area is somewhat limited. U.S. Highway 14, which 
parallels Shell Creek, provides the major access to the area. There are 
numerous jeep trails in the quadrangle which provide limited accessibility. 
Cattle trails provide for relatively easy access by foot or horseback in 
Horse Creek and Shell Creek Canyons. 
Vegetation, within the quadrangle, varies with geographic location. 
Box elder, willow, and cottonwood trees are common along the perennial 
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streams of the area. The basin is characterized by plants such as: 
prickly pear cactus, sagebrush, needlegrass, and foxtail. This vegetation 
reflects the semi-arid climate of the basin which receives less than 26 cm 
of precipitation annually (U.S. Department of Commerce, Weather Bureau, 
1965). The base of the mountain front is characterized by a different 
vegetation zone which supports Rocky Mountain juniper, mountain mahogany, 
sagebrush, and an occasional limber pine. Vegetation in the mountains 
reflects the cooler temperatures and increased precipitation of this 
region. The north facing slopes are usually covered with pine forests, 
while the south facing slopes are covered by sage, grasses, Rocky Mountain 
juniper, various mountain flowers, and an occasional pine tree. 
Previous Work 
An extensive literature exists that deals with the geology of the 
Bighorn region. A comprehensive review of this literature is beyond the 
sc~pe of this report. What is presented in this section is a brief synop-
sis of the early work in the region, as well as works that contributed to 
the regional geological picture or which dealt specifically with the 
geology of the Black Mountain region. 
The first geologic reports which covered the Bighorn region were 
prepared by Meek and Hayden (1856a, l856b, 1858, 1861) as part of their 
work on the Great Plains and northern Rocky Mountain states. Later, 
Comstock (1873), St. John (1883), and Eldridge (1894) published reports 
that dealt specifically with the Teton-Yellowstone region and the Bighorn 
Basin. Some of these early reports noted the existence of vertebrate 
fossils in the Bighorn Basin which attracted additional workers to the 
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region (Cope, 1882; Wortman, 1882; Hatcher, 1893, 1903; Hatcher and 
Stanton, 1903). 
Darton (1904, 1906, 1908) mapped extensively in the Bighorn region, 
defining many of the stratigraphic units which are still in use today. The 
discovery of economic resources in the basin, such as coal, oil, and 
gypsum, led to more detailed geologic maps and reports regarding the region 
(Washburne, 1908, 1909; ~; b~~n, 
~; Lupton and Condit, 1917). 
Mackin (1935, 1936, 1937, 1947) contributed a model for the geomorphic 
evolution of the region which is still considered valid. Mackin's model 
for the geomorphic evolution of the basin required the use of several 
structural assumptions. This generated an increased interest in the struc-
tural evolution of the region. This subject continues to be a source of 
debate (Cloos and Cloos, 1934; Chamberlain, 1940, 1945; Demorest, 1941; 
Fanshawe, 1952, 1971; Thorn, 1952; Berg, 1961, 1981; Blackstone, 1963, 1980, 
1981; Prucha et al., 1965; Stearns, 1971, 1975, 1978). 
Several published and unpublished reports have been written which 
include portions of Black Mountain Quadrangle as their subject matter. 
Darton (1906) published a report and geological maps of Bald Mountain and 
Dayton 15 minute quadrangles. Heroy (1941) and Rohr et al. (1964) 
prepared reports and small-scale geologic maps of the mountain front 
bordering Shell Canyon. Lehman (1975) studied the Precambrian in Shell 
Canyon and presented a geological map of Shell Canyon and bordering moun-
tain fronts on a 7 1/2 minute topographic base. Bible (1978) did a 
detailed study of the distribution and chronology of landslide deposits in 
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Shell Canyon which has also been of interest to the Wyoming and Federal 
Highway Administration (Holland and Everitt, 1974). A number of recent 
unpublished reports from Iowa State University concerning the stratigraphy, 
structure, and geomorphology of surrounding areas has also proven useful to 
this study (Stone, 1967; Wallace, 1971; Kozimko, 1977; Bible, 1978; Shaser, 
1978; Ladd, 1979; Manah1, 1981; Reppe, 1981). 
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MAP ADJUSTMENTS BETWEEN BLACK MOUNTAIN 
AND SHELL QUADRANGLES 
Several minor discrepancies exist between the geologic contacts along 
the boundary between the Black Mountain and Shell Quadrangles. Mr. Kenneth 
Manahl and this writer spent one day in the field together matching 
contacts between the common boundary of our quadrangles. Although it was 
thought that any discrepancies between the two quadrangles had been 
resolved, several minor discrepancies remain. 
Table 1. Boundary problems with Shell Quadrangle 
NE 1/4, Sec. 1, T.53N., R.9lW. 
(1) The contact between the pediment (Qpl) is located too far north. 
NE 1/4, Sec. 24, T.53N., R.9lW. 
(2) The contact between the Chugwater Formation and the Gypsum Spring 
Formation should continue into Shell Quadrangle. 
NE 1/4, Sec. 24, T.53N., R.9lW. 
(3) The contact between the Chugwater Formation and the Gypsum Spring 
Formation should extend slightly into Shell Quadrangle. 
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GEOLOGICAL SETTING-
The Wyoming Province lies within the Rocky Mountain foreland and is 
intermediate geographically and structurally between the highly deformed 
Cordilleran miogeoclinal region to the west and the relatively undeformed 
craton to the east (Prucha et al., 1965). The province is characterized by 
large-scale vertical movements with displacements of up to 13,500 meters of 
the fault bounde~ basement blocks (Thom, 1952; Stearns,·1978). These move-
ments have resulted in generally northwest trending, Precambrian cored, 
anticlinal uplifts separated by broad intervening basins. 
Deformation of the North American Cordilleran began during the Early 
Jurassic and lasted into the Eocene (King, 1977). Three orogenic events 
that overlap in time and space are associated with Cordilleran deformation--
the Nevadan Orogeny, the Sevier Orogeny, and the Laramide Orogeny (King, 
1977). Deformation began in the westernmost portion of the Cordillera 
(Nevadan Orogeny) and gradually progressed eastward (Sevier Orogeny) 
(Armstrong, 1968; Kent, 1972). By Late Cretaceous time, this orogenic 
activity had reached the easternmost portion of the Cordillera (Laramide 
Orogeny) and lasted well into Eocene time (Love, 1960; Grose, 1972). 
Laramide deformation is commonly related to the shallow subhorizontal 
subduction of oceanic lithosphere beneath the continental lithosphere 
(Lowell, 1974; Burchfiel and Davies, 1975; Coney, 1976, 1978; Dickinson 
and Snyder, 1978; Dickinson, 1979; Hamilton, 1981). Relative motion 
between these two plates was oriented along a northeast-trending line 
(Coney, 1976, 1978). Dynamic shear between the two plates transmitted 
compressional forces into the upper crust reSUlting in Laramide deformation 
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(Dickinson and Snyder, 1978; Dickinson, 1979; Hamilton, 1981). Lowell 
(1974) and Matthews (1981) suggest that this particular type of plate-
tectonic setting resulted in mainly differential vertical forces as the 
driving mechanism of Laramide deformation. 
The Wyoming Province is characterized by a 2,400-4,500 meter sequence 
of Paleozoic-Mesozoic strata (Chamberlain, 1940; Prucha et a1., 1965) which 
was deposited on a relatively flat, peneplained, Precambrian surface 
(Stearns, 1978). These rocks were covered locally by as much as 6,300 
meters of Cenozoic basin-fill sediments associated with Laramide uplift 
(Bown, 1980). Sloss has proposed six major transgressive-regressive cycles 
in the cratonic interior of North America. These cycles divide the 
Phanerozoic sedimentary deposits into six units separated by interregional 
unconformities. These are the Sauk (Late Precambrian-Early Ordovician), 
Tippecanoe (Middle Ordovician-Early Devonian), Kaskaskia (Early Devonian-
Late Mississippi), Absaroka (Early Pennsylvanian-Early Jurassic), Zuni 
(Middle Jurassic-Late Cretaceous), and Tejas (Late Paleocene-Recent). 
The first three depositional sequences in the Wyoming Province were 
marked by eastward extensions of widespread shallow seas (Kent, 1972) 
resulting primarily in carbonate and shale deposition. Significant tec-
tonic activity in the Pennsylvanian and Permian (Absaroka depositional 
sequence) resulted in barriers (Ancestral Rocky Mountains) which altered 
the depositional patterns of the region and supplied an abundance of 
detrital sediment to the area (Haun and Kent, 1965). 
The Zuni sequence differs from the previous four sequences in that 
transgressions were from the north (Haun and Kent, 1965; Kent, 1972). 
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Sediments were supplied to the region from uplifts to the west associated 
with the Nevadan Orogeny and from the Transcontinental Arch to the east 
(Haun and Kent, 1965). Laramide tectonic activity began in the Late 
Cretaceous along with regression of the boreal sea. Sedimentation was 
restricted to intermountain basins and was dominantly of a fluvial and 
lacustrine nature. The Cretaceous-Paleocene contact is locally marked by 
an angular unconformity recording the onset of Laramide tectonism (Love, 
1960; Thomas, 1965). All of the major ranges and basins in Wyoming were 
outlined by the end of the Paleocene except the Tetons, Absarokas, and the 
eastern half of the Gros Ventre range (Love, 1960). Laramide deformation 
ended during.the Eocene, although at this time mountain relief was not 
fully developed (Thomas, 1965; King, 1977). 
Post-Laramide tectonic activity consisted of regional uplift and 
normal faulting (Haun and Kent, 1965). As the ranges were uplifted, a 
great amount of detritus was shed into the surrounding basins along with 
vast amounts of volcanic debris derived from western sources. By the end 
of the Miocene, the Wyoming Ranges were nearly buried by Tertiary sediments 
(Love, 1960). The late Pliocene was marked by a regional uplift along with 
the development of the Teton Range (Love, 1960). The basins were reexca-
vated and buried mountain ranges were exhumed. New drainage systems were 
superimposed on Laramide folds. Regional degradation continued in the area 
during the remainder of the Cenozoic (Love, 1960). 
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Figure 2. Geologic map of Black Mountain Quadrangle, Bighorn County, 
~vyoming 
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EXPLANATION 
~ 
Alluvium 
Unconsolidated depOSits of allUVium along stream 
valleys at or near present stream levels 
~ 
Landslide 
Downward sliding of bedrock or slope matenals, 
often With backward rotation 
Alluvial fan 
Unconsolidated fan shaped depOSits of allUVium 
~ 
Erosion surface 
Gravel capped surface of unknown origin 
Sundance Formation 
Lower part green, fOSSiliferous shales With 
medial oomlcnte and upper calcarenite Upper 
part not present In study area. Thickness 
100 feet 
~ 
Gypsum Spring}\. Formation 
Red Siltstones Interbedded With carbonates, 
With a basal massive gypsum Thickness 
200 feet 
t Tr~ -[ 
Chugwater Formation 
Red calcareous siltstones and mudstones capped 
by a laterally contlnous carbonate bed (Alcova 
Limestone) which has been traced thru~~rout the 
study area Thickness 600 feet. 
Phosphoria Formation 
Upper Upper part Interbedded gYPslferous carbon 
ates and red slltstone3 Lower part red Slltstone~ 
and shales Thickness 225 feet 
Tensleep Sandstone 
4:I~il. illBssive ClOSS bedded Qoaltz dlu ••• te 
Lower part Interbedded dolomites. sandstones, 
and shales Thickness 100 feet 
Amsden Formation 
Reddish siltstones With a media I carbonate and a 
basal sandstone ThIckness 175 feet 
Madison Limestone 
BlUish qray massive carbonates With upper 
Condonophytys a.u.s1!OJ layer Thickness 850 feet 
Darby Formation 
Interbedded carbonates and green shales 
Thickness 100 feet 
1 
c 
.~ 
8: 
:~ 
.~ 
::?: 
~ ~ 
Pediments 
ErOSIOn surfaces developed on bedrock. 
Qp 1 IS closest to mountain front 
Ot1 Opsc1 Opwc1 Optc1 
Ot2 Opsc2 Qpwc2 
Ot3 Opsc3 
Ot4 
, 
Opsc4 
, 
Ot5 
Ot6 
Terrace levels 
Qt 1-6 Terrace levels along Shell Creek 
Qpsc Terraces along Sunlight Creek 
Qpwc 
Qptc 
Terraces along White Creek 
Terraces along Trapper Creek 
0t1 IS lowest terrace level 
-Not present In study area 
Bighorn Dolomite 
Light gray well Indurated dolomite 
Thickness 400 fe~t 
Gallantin Formation 
Interbedded glaUCOnitic shales and HltramlCrites 
Thickness 800 feet 
~ 
Gros Ventre Formation 
Interbedded glauconitic shales and carbonates With 
a IT'edlal massive sandstone Thickness 420 feet. 
Precambrian Crystalline Rocks 
Quartzofeldspathlc gneiss With numer¢us pegmatltlc 
and aplithlc dikes 
COlJta~_ 
DaSJI~U Wj'~lt:I approximately lo"'Cated. 
Dotted where concealed or Infer-ed 
o 
u 
Fault 
Fault trace indicating up- and down-thrown s'des 
Dashed where concealed or Inferred 
Monocline 
ShOWing trace of aXial plane and direction of plunge. 
, 
Anticline 
ShOWing trace of aXial plane and direction of plunge 
----......;.,- - - -
Syncline 
ShOWing trace of aXial plane. 
Dashed where approximately located. 
Strike and Dip 
Attitudes of bedding planes 
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STRATIGRAPHY 
Introduction 
Rocks of Precambrian through Jurassic age (except Silurian) outcrop in 
Black Mountain Quadrangle. Cenozoic deposits are present locally as 
terrace deposits, alluvial gravels, and landslide deposits. These deposits 
are discussed in the geomorphology section except for one lithified terrace 
deposit known as the Paton Conglomerate (Heroy, 1941). 
Precambrian rocks, in the study area, are metamorphics while Phanero-
zoic rocks are sedimentary. The total thickness of lithified sedimentary 
strata exposed in the Black Mountain area is 1,120 meters. The Paleozoic, 
Mesozoic, and Cenozoic strata are 849 meters, 267 meters, and 4 meters 
thick, respectively. The total thickness of sedimentary rocks in the 
Bighorn Basin is approximately 5,318 meters (Ladd, 1979). 
Figure 2 shows the spatial relationship of the strata in Black 
Mountain Quadrangle. The Paton Conglomerate is of limited areal extent and 
thickness and was not mappable at the given scale (1:24,000). 
Precambrian 
Darton (1906) described the Precambrian rocks exposed in the core of 
the Bighorn Mountains as granites and gneissic granites. Osterwald (1949, 
1955, 1959) made additional petrologic interpretations in the northern 
Bighorns and noted two series of Precambrian rocks: an older series of 
variable gneisses, amphibolites, and schists, and a younger group of 
granitic rocks. Heimlich and Armstrong (1972) summarized the regional 
Precambrian geology noting that the southern half of the Bighorn consists 
14 
of gneissic rocks, and the northern half consists of granitic rocks with 
compositions ranging from quartz monzonite to quartz diorite. Lehman 
(1975) conducted a petrographic study of Precambrian rocks in Shell Canyon 
and classified the dominant rock type as fine- to coarse-grained, holo-
crystalline, quartzofeldspathic gneiss. 
The only exposures of Precambrian rocks in the study area occur in 
Shell Canyon along Shell, Cottonwood, and Cedar Creeks (Figure 2). The 
exposures reveal numerous cross-cutting pegamatic and aplitic dikes, exten-
sive jointing, and a probable shear zone (Figure 3). 
Lehman (1975) reports that the dominant minerals constituting the 
Precambrian rocks of Shell Canyon are quartz, plagioclase (AnlO to An40) , 
and biotite. Quartz usually occurs as fine-grained, anhedral, intersti-
tial grains commonly displaying undulatory extinction. Plagioclase occurs 
as anhedral grains, 0.3 mm to 0.1 cm in diameter, in some instances showing 
replacement by microcline (Lehman, 1975). Foliation, which varies from 
very poor to well-developed, is expressed by the parallel alignment of 
biotite, which shows a maximum abundance of 20 percent. Common accessory 
minerals include: hornblende, epidote, sphene, zircon, and muscovite 
(Lehman, 1975). 
Pegmatic dikes are common in Shell Canyon and range in thickness from 
5 cm to approximately 2 meters. Osterwald (1955, 1959) noted that these 
dikes are mineralogically similar to the country rock; Lehman (1975) 
reached a similar conclusion in Shell Canyon. Aplitic dikes are less 
common in Shell Canyon and are usually less than 7.5 cm thick. Lehman 
(1975) reported that these dikes are mineralogically similar to the 
pegmatic dikes. 
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Figure 3. Photographs of stratigraphic aspects of Black Mountain Quadrangle 
a. Probable Precambrian shear zone in Shell Canyon 
b. North side of Shell Canyon showing Precambrian rocks (PC), 
'Gros Ventre Formation (Cgv), and landslide deposits (Qls) 
c. Imbricated pebbles in Gros Ventre sandstone 
d. Gallatin (Cg)-Bighorn (Db) contact in White Creek Canyon 
e. North wall of Shell Canyon consisting of Bighorn (Db), 
Darby (Dd), and Madison (Mm) Formations 
In 
a b 
c 
d e 
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The metamorphic grade of the Precambrian rocks in Wyoming range from 
upper greenschist facies to lower granulite facies, with rocks of amphibo-
lite facies being most common. The quartzofeldspathic gneisses in Shell 
Canyon belong to the staurolite-quartz subfacies of the almandine-
amphibolite facies (Hoppin and Palmquist, 1965). During metamorphism, the 
pre-existing lithologies of the northern Bighorn Mountains underwent large-
scale alkali metasomatism, which produced the granitic types of rocks which 
occur there today (Heimlich, 1969; Heimlich and Armstrong, 1972; Condie, 
1976). The major metamorphic event which affected this portion of the 
Bighorns has been dated at about 2.75 b.y.B.P. (Heimlich and Banks, 1968; 
Heimlich and Armstrong, 1972; Banks and Heimlich, 1976; Stueber and 
Heimlich, 1977). The injection of diabase dikes occurred during this 
period (2.75 b.y.B.P.) and again about 2.2 b.y.B.P. (Stueber et al., 1974). 
The regional metamorphic event that affected Wyoming is similar in 
age to metamorphic events (Kenoran Orogeny) in the Lake Superior region 
(Condie, 1976). The relationship between these two regions is being 
actively studied in hopes of establishing a better understanding of early 
crustal evolution (Peterman, 1979, 1981; Muehlberger, 1980). 
Paleozoic 
Cambrian 
Introduction Darton (1901) referred to the Cambrian section in the 
Black Hills as the Deadwood Formation; later, he applied the same termi-
nology to the Cambrian strata in the Bighorn Mountains (Darton, 1906). The 
( 
accepted nomenclatur~ for the Cambrian in the Bighorn Basin has since 
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evolved and is now divided into the Flathead Sandstone and the Gros Ventre 
and Gallatin Formations. 
The most extensive exposure of Cambrian strata in the study area 
occurs in Shell Canyon. Unfortunately, limited "in situ" exposures are 
present in the canyon due to extensive mass movement phenomena associated 
with the generally incompetent Cambrian shale section (Figure 3). Detailed 
studies of the landslide activity in Shell Canyon have been conducted by 
Bible (1978) and the Wyoming Highway Department (Holland and Everitt, 1974). 
Heroy (1941) and Lehman (1975) measured approximately 300 meters of 
Cambrian strata in Shell Canyon. Drill hole information indicates that 
local thicknesses of over 450 meters occur in the Cambrian sediments are 
present within Shell Canyon (Holland and Everitt, 1974). 
The Cambrian System of Wyoming, Montana, and South Dakota represent a 
classic transgressive sequence that becomes progressively younger to the 
east (Shaw, 1954; Mills, 1956; Keefer and Van Lieu, 1966; Middleton, 1979; 
Middleton et al., 1980). The overall transgression was character-
ized by numerous minor retreats of the north-south shoreline (Middleton 
et al., 1980). Wyoming, during the Cambrian, was a tectonically stable 
region (Lochman, 1957) in which a thick sequence of bioturbated sediments 
accumulated (Martin et al., 1980). 
Flathead Formation Peale (1893) defined the Flathead Formation in 
the vicinity of Three Fork, Montana, where he divided the unit into a 
lower sandstone member and an upper shale member. Weed (1900) and 
Blackwelder (1918) later restricted usage of the term to include only the 
basal sandstone. 
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The formation is of variable thickness in Shell Canyon. It is not 
present in outcrops in the lower portion of Shell Canyon but makes its 
first appearance east of the study area at Shell Falls. Bible (1978) 
reports a thickness of 13 meters at this locality. 
Lithologically, the Flathead grades upward from a feldspathic conglom-
erate into a feldspathic quartz arenite. The unit has a characteristic 
brownish-red color and commonly displays trough cross-bedding. 
The unit is Middle Cambrian age in the Bighorn Basin on the basis of 
its relationship with the Gros Ventre Formation (Thomas, 1952). Trace 
fossils and the inarticulate brachiopod, Linglepis acuminatus, are the only 
reported fossils from the Flathead (Miller, 1936; Bell and Middleton, 
1978). Chaudhuri and Brookips (1969) obtained a Rb-Sr isotopic date of 
542 m.y.B.P. from presumed authigenic glauconite from the formation in 
Montana, supporting a Middle Cambrian age. 
The Flathead was deposited in a nearshore environment as Cambrian seas 
transgressed eastward (Middleton, 1979). Relief on the Precambrian surface 
was as gr~at as 120 meters (Bell, 1970) resulting in Precambrian islands 
void ot Flathead deposition. This model may be applicable in the Shell 
Canyon region where the sandstone unit is not continuous. 
Gros Ventre Formation The name Gros Ventre was first applied to a 
shale-limestone sequence in the Gros Ventre Range by Blackwelder (1918). 
It lies nonconformably on the Precambrian in the study area. The best 
"in situ" exposures occur in the Cottonwood Creek area where Heroy (1941) 
measured 128 meters of Gros Ventre strata. The unit forms steep slopes 
amongst the hummocky topography within Shell Canyon (Figure 3). 
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The Precambrian-Gros Ventre contact near Cottonwood Creek is marked by 
a 30 cm thick glauconitic, sandy mudstone, which is overlain by 2.4 meters 
of glauconitic shale interbedded with thin-bedded carbonates. Trace 
fossils are very abundant in the shales, especially trilobite crawling 
traces (Cruziana), and resting traces (Rusophycus). A tan, massive, fine-
grained, calcareous quartz arenite, approximately 4.5 meters thick, occurs 
in the upper part of the Gros Ventre. This sandstone body displays small-
scale trough cross-bedding and contains imbricated disc shaped micrite 
pebbles in the lower half (Figure 3). Overlying the sand body is a 20 em 
thick layer of fine-grained glauconitic quartz arenite. Capping the 
sequence is 60 cm of medium-grained, reddish-brown, hematitic quartz are-
nite. The lateral continuity of this sequence could not be determined. 
Both above and below this sequence, intraclastic carbonates are interbedded 
with glauconitic shales. Keefer and Van Lieu (1966) have reported similar 
occurrences in the upper part of the Gros Ventre in the Owl Creek and 
southern Bighorn Mountains. 
The Gros Ventre in the Bighorn Basin is Middle Cambrian in age (Stipp, 
1954). The glauconitic shales and carbonates are considered offshore 
deposits which were laid down contemporaneously with the nearshore deposits 
of the Flathead (Miller, 1936; Thomas, 1952; Shaw, 1954, 1957; Keefer and' 
Van Lieu, 1966). These offshore deposits were periodically subjected to 
storm generated currents that resulted in the formation of intrac1astie 
carbonates (Martin et a1., 1980; Middleton et al., 1980). Shaw (1957) 
suggests that the hematitic sandstones in the upper part of the Gros Ventre 
may, in part, be nonmarine resulting from a faster rate of sediment 
infilling than the eustatic rise of sea level could submerge the sediments. 
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Gallatin Formation The Gallatin Limestone was named by Peale 
(1893) for exposures in the Gallatin Range of Montana. Deiss (1938) 
renamed the unit the Boysen Formation in the Wind River Canyon area. How-
ever, the term Boysen has not gained widespread acceptance in central 
Wyoming (Keefer and Van Lieu, 1966). Shaw and Deland (1955) raised the 
Gallatin to group status. Subsequent authors have retained the Gallatin as 
a formation and the Du Noir Limestone and the Open Door Limestone as 
members (Keefer and Van Lieu, 1966; Martin et al., 1980; Middleton et al., 
1980). 
The Gallatin has a geomorphic expression similar to the Gros Ventre 
except for the uppermost Gallatin which is a cliff former (Figure 3). 
Heroy (1941) and Bible (1978) have reported thicknesses for the Gallatin in 
Shell Canyon of 180 meters and 248 meters, respectively_ 
The Gros Ventre-Gallatin contact is conformable (Thomas, 1952; Keefer 
and Van Lieu, 1966), although several local unconformities have been 
reported in Wyoming (Blackwelder, 1918; Miller, 1936). The contact is 
difficult to define in the study area since the basal Du Noir Limestone 
Member is either absent or poorly developed. Woodward (1957) noted similar 
difficulties in defining this contact in the southern Bighorn Mountains. 
The contact was placed within the slopes above the nonpersistent cliffs 
formed by the Gros Ventre sandstones. These slopes are generally covered 
with debris and vegetation so that the contact is deemed "approximate" at 
best. 
The lower part of the Gallatin is characterized by a marked increase 
in thin-bedded micrites and intramicrudites which are interbedded with 
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glauconitic shales similar to the Gros Ventre section. The shales and 
intramicrudites decrease in abundance in the uppermost Gallatin, which is 
comprised of thin-bedded, cliff-forming micrites. 
The Gallatin is Late Cambrian in age in the Bighorn Basin (Stipp, 
1952). During Late Cambrian time, the entire Wyoming shelf was submerged, 
resulting irt deposition of carbonates and shales (Keefer and Van Lieu, 
1966). Regression followed as is indicated by the formation of intra-
clastic carbonate beds (McKee, 1945; Keefer and Van Lieu, 1966). The sea 
made a final advance in the Late Cambrian depositing carbonate muds in a 
shallow, low energy, epeiric environment (Martin et al., 1980). By the end 
of the Cambrian time, the sea had withdrawn from central Wyoming, and the 
area was exposed to erosion until Late Ordovician (Keefer and Van Lieu, 
1966). 
Ordovician 
Bighorn Dolomite Darton (1904) first referred to this unit as the 
Bighorn Limestone and described it as one of the most prominent of the 
sedimentary units in the Bighorn Mountains. Darton (1906) recognized two 
members of the Bighorn in the lower part of the Shell Canyon--a lower 
massive carbonate member and a series of interbedded carbonates and shales~ 
Blackwelder (1918) named the upper series the Leigh Member. Goodwin (1964) 
divided the carbonate sequence into the Steamboat Point, Leigh, and Horse-
shoe Mountain Members. A. K. Miller (1930) named the thin sandstone unit 
at the base of the Bighorn Formation the Lander Sandstone. 
The Bighorn Dolomite forms prominent cliffs which line Shell Creek, 
White Creek, and Dry Horse Creek Canyons (Figure 3). The unit is 
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approximately 120 meters thick in the Black Mountain region (Heroy, 1941; 
Lehman, 1975; Bible, 1978). 
The unconformable Gallatin-Bighorn contact (Cyan and Koucky, 1963; 
Haun and Kent, 1963; Martin et al., 1980) is usually covered by landslide 
and talus debris in the Black Mountain area. The occurrence of the Lander 
Sandstone, marking the Gallatin-Bighorn contact, was observed on the east 
side of Pyramid Peak in Shell Canyon and in White Creek Canyon (NE 1/4, 
Sec. 27, T53N, R90W) (Figure 3). Lehman (1975) also noted the occurrence 
of what is believed to be the Lander Sandstone at the south end of 
Copeman's Tomb in Shell Canyon. The Lander consists of a tan, calcareous 
quartz arenite, approximately 2.5 cm thick, grading upward into a sandy 
dolomite. Angular rip-up clasts of underlying Gallatin limestone are 
present in the Lander Member at the White Creek location. 
Lehman (1975) reported a thickness of 75 meters for the Steamboat 
Point Member in Shell Canyon. It is a white to gray, massive, fine- to 
medium-grained dolomite. The Leigh Member is 45 meters thick (Lehman, 
1975) and consists of white to gray, thin- to thick-bedded, fine-grained 
dolomite. Shale partings are often present between the carbonate beds. 
This member forms a topographic reentrant relative to the Steamboat Point 
Member. 
The Bighorn is characterized by a rough, pitted weathering surface. 
This phenomenon has been attributed to: differential weathering between 
silica and carbonate (Darton, 1904, 1906; Biggs, 1955), differences in 
texture and porosity (Blackwelder, 1913) resulting from biological activity 
(burrowing), and differences in solubility between calcite and dolomite 
(Cyan-and Koucky, 1963; Goodwin, 1964). 
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Darton (1904) and Miller (1930) collected fossils from the Bighorn 
which suggested a Richmondian age. Later, other workers (Cyan and Koucky, 
1963; Macomber, 1970) collected fauna which indicated that the Lander and 
Steamboat Point Members were post-Treton to pre-Eden in age and the Leigh 
Member was of Maysvil1ian age. 
A major transgression took place during Middle and Late Ordovician 
(Sloss, 1963) which deposited the Lander Sandstone. The thick carbonate 
sequence was deposited in a shallow marine environment that was tectoni-
cally stable (Blackwelder, 1913; Miller, 1930; Shaw, 1954; Cyan and Koucky, 
1963). 
Silurian 
There are no Silurian rocks present in the Bighorn Basin (Thomas, 
1965). Silurian outliers have been reported in southeastern Wyoming 
(Cronic and Ferris, 1963), and a Silurian evaporite sequence is present in 
the Williston Basin. Haun and Kent (1965) suggest that Silurian deposits 
were removed by pre-Devonian erosion. Other investigators suggest that 
central Wyoming was a positive area in which no Silurian sediments were 
deposited (Mills, 1956; Thomas, 1965; Blackstone, 1971). 
Devonian 
Darby Formation Peale (1893), working in the vicinity of Three 
Forks, Montana, divided the Devonian into the lower Three Forks Shale and 
the upper Jefferson Limestone. Blackwelder (1918), unable to differentiate 
the equivalent of Peale's Jefferson and Three Forks Formations, assigned 
the Devonian strata on the west flank of the Teton Range to the Darby 
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Formation. Mills (1956) and Benson (1966) proposed that the term Darby 
should be used whenever the equivalent of the Jefferson and Three Forks 
strata cannot be differentiated. 
Sandberg (1967) published a detailed section of the Devonian strata in 
Shell Canyon which he refers to as the lower member of the Jefferson Forma-
tion. Lehman (1975) and Bible (1978) also refer to the Devonian in Shell 
Canyon as the Jefferson Formation based on the work of Sandberg. Benson 
(1966) proposed that unless the upper member of the Jefferson (Birdbear 
Member) is present that the name Darby be used for Devonian rocks. 
The Darby. is generally poorly exposed and forms vegetated slopes 
between the underlying Bighorn Dolomite and the overlying cliffs of the 
Madison Limestone (Figure 3). The best exposures of the Darby in the 
region occur in Shell Canyon and in the divide between Horse Creek and Dry 
Horse Creek Canyons. The unit rests unconformably on the Bighorn Dolomite 
(Blackwelder, 1918; Sandberg, 1967) and consists of a varying sequence of 
thin- to thick-bedded, buff and light green dolomites. The Darby is most 
easily differentiated from adjacent formations, in the Black Mountain 
region, by its greenish tint. Sandberg (1967) and Lehman (1975) measured 
39 meters of Devonian strata in Shell Canyon. 
The Darby is generally accepted as being Late Devonian in age 
(Blackstone and Mcgrew, 1954; Strickland, 1957; Sandberg, 1967). Laird 
(1947) found the Jefferson to be of Senecan age on the basis of a brachio-
pod fauna from northwestern Montana. 
The Wyoming shelf was subject to erosion until the early part of the 
Late Devonian (Andrichuk, 1956). A gradual, southward marine transgression 
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occurred in the Late Devonian, which resulted in the disappearance of basal 
Devonian beds in the Bighorn Mountain region (Sandberg, 1967). Devonian 
strata thin to the southeast (Andrichuk, 1956; Benson, 1966) and is repre-
sented by shelf facies in north-central Wyoming (Sandberg and Hammond, 
1958). Regression resulted in further thinning of Devonian rocks by 
erosion (Sandberg, 1967) until a widespread marine transgression during 
Kinderhookian time preserved the remaining Devonian strata (Andrichuk, 
1956). 
Mississippian 
Madison Limestone The Madison was defined by Peale (1893) for an 
exposure in the Bridger Mountains. Darton (1904) referred to the thick, 
Mississippian carbonate sequence in the Bighorn Range as the Litt1ehorn 
Limestone, but in subsequent works, Darton (1906) refers to the sequence as 
the Madison Limestone. Co11ieT and Cathcart (1922) assigned a group status 
to the Madison and divided it into the Lodgepole and Mission Canyon Forma-
tions. Since then, most workers have subdivided the Madison into four units 
(Denson' and Morrissey, 1952, 1954; Richards, 1955; Edmisten, 1961; Sando, 
1967, 1968). Edmisten (1961) divided the Madison Formation, from oldest to 
youngest, into the Lodgepole, Lower Mission Canyon, Upper Mission Canyon, 
and Cave Member. This classification has subsequently been used by other 
workers in the area (Kozimko, 1977; Ladd, 1979; Manahl, 1981). 
The Madison is a very prominent cliff former and is well-exposed in 
the canyons and flatirons along the mountain front (Figure 3). The uncon-
formable contact between Devonian strata and the Madison Limestone is 
marked by an abrupt transition from slope-forming shales, limestones, and 
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dolomites to the massive, cliff-forming carbonates of the Madison (Figure 
3). The thickness of the Madison, in Shell Canyon, has been measured by 
several workers: 263 meters (Denson and Morrissey, 1954), 195 meters 
(Lehman, 1975), and 290 meters (Bible, 1978). Manahl (1981) reported a 
thickness of approximately 225 meters in Horse Creek Canyon. 
The Madison is characterized by various carbonate lithologies, 
dominantly white to gray in color, which includes micrites, biomicrites, 
intramicrites, biolithites, oomicrites, and oosparites. Bedding is thick 
to massive except in the upper portion of the Cave Member which is charac-
terized by thin-bedded carbonates. The Cave Member also has several other 
characteristic features. In the upper portion, there is a 60 cm thick, 
laterally persistent bed of Condonphyscus austini. The Cave Member, as its 
name suggests, is also typlified by various sol~tion phenomena such as 
sinkholes, solution joints, and collapse breccias. These features are 
common in the Shell Canyon region (Sando, 1974) and are widely reported in 
other areas as well (Branson and Branson, 1941; Denson and·,Morrissey, 1954; 
Richards, 1955; Strickland, 1956, 1957; Roberts, 1966; Sando, 1967, 1968, 
1976; Lageson, 1980). Lastly, the Cave Member is commonly stained red with 
sediments derived from the overlying Amsden Formation. 
Madison carbonate deposition began in the late Kinderhookian (Weller 
et al., 1948) and continued into the Meramecian (Sando, 1974, 1976) during 
which time most of Wyoming was a cratonic shelf area (Strickland, 1956; 
Mallory, 1967; Sando, 1967, 1976). The seas regressed leaving the Madison 
emergent during a portion of the Late Mississippian (Roberts, 1966; Sando, 
1974). The Madison underwent regional erosion and the development of a 
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karst topography until the area was once again covered by transgressing 
seas in latest Meramecian and early Chesterian time (Sando, 1976). 
Mississippian-Pennsylvanian 
Amsden Formation The Amsden was named by Darton (1904) and 
described in terms'of three lithologic divisions: a basal sandstone, a 
middle red shale, and an upper cherty limestone. Blackwelder (1918) named 
the basal sandstone of the Amsden the Darwin Sandstone Member after Darwin 
Peak in the Gros Ventre Range. Branson (1937, 1939) defined the Sacajawea 
Formation for that part of Darton's original Amsden that was Mississippian. 
in age. This proposal failed to gain widespread acceptance, and Mallory 
(1967) proposed that the term be dropped. Mallory (1967) defined two addi-
tional members of the Amsden Formation--the Horseshoe Shale and the 
Ranchester Limestone--which correlate with Darton's middle red shale and 
upper cherty limestone, respectively. 
The Amsden is exposed in narrow outcrops within the flatirons on the 
north side of Shell Creek. More extensive exposures can be found on the 
south side of Shell Creek associated with gentler dips along the mountain 
front (Figure 4). The thickness of the Amsden near Horse Creek is 
48 meters (Manahl, 1981), and it is approximately 52 meters thick near 
Shell Canyon (Darton, 1906; Fisher, 1906; Bible, 1978). 
Excellent exposures of the Darwin Sandstone occur on the northern rim 
of Shell Canyon. These exposures demonstrate the "irregular" nature of the 
Madison-Amsden disconformity and the local variation in the thickness of 
the Darwin which also occurs on a regional scale (Agatston, 1954; Mallory, 
1967; Sando, 1976). Caves, sinkholes, and solution joints, which 
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Figure 4. Photographs of stratigraphic aspects of Black Mountain Quadrangle 
a. Tensleep (Pt)-Amsden (Pa) contact 
b. Massive sandstone of the Tensleep Formation 
c. Gypsum veinlets in the basal portion of the Chugwater Forma-
tion 
d. Chugwater scarp face located on the south side of Shell 
Canyon 
e. Exposure of the Chugwater (Trc), Gypsum Spring (Jgs), and 
Sundance (Js) Formations located on the north side of Shell 
Creek 
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have developed in the Madison, are common in the area and are usually 
filled with sandstone or shale of the Darwin and Horseshoe Members. 
The Darwin is a brick red, fine- to medium-grained, quartz arenite 
with a varying thickness which averages 2.5 meters (Manahl, 1981). The 
Horseshoe Shale Member consists of red siltstones with local lens of purple 
and green siltstones. Manah1 (1981) measured a 24 meter section of the 
Horseshoe Shale Member near Horse Creek. The Ranchester Limestone Member 
consists of a buff, massively bedded carbonate that contains abundant chert 
nodules in a variety of colors overlain by red siltstones. Manah1 (1981) 
reported a thickness of 10.5 meters for this member. 
Darton (1906) and Blackwelder (1913) were the first workers to report 
that the lower Amsden might possibly be Late Mississippian in age. However, 
Burk (1954) reported that the entire formation was Pennsylvanian, while 
Shaw and Bell (1955) concluded that the lower Amsden was Late Mississippian. 
More recent studies have concluded that the Amsden consists of both Missis-
sippian and Pennsylvanian strata and ranges in age from middle Meramecian 
to late Atokan (Richards, 1955; Agatston, 1957; Mallory, 1967; Sando, 1967; 
Sando et al., 1975). 
The Darwin Sandstone is thought, by many authors, to contain sediments 
of both fluvial and marine origin (Agatston, 1954; Mallory, 1967; Sando 
et al., 1975). In Late Mississippian times, the Wyoming shelf region began 
to subside (Sando, 1976), and an eastward-transgressing shoreline drowned 
an intricate fluvial system associated with a karst topography (Sando 
et al., 1975). This subsidence resulted in an influx of clastics (Sando, 
1976) from the Transcontinental Arch (Agatston, 1954) and the Canadian 
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Shield (Mallory, 1967). Later, as suggested by the lithology of the Horse-
shoe Member, a restricted marine environment existed on the Wyoming shelf 
(Agatston, 1954; Mallory, 1967; Sando et al., 1975). The overlying 
Ranchester Limestone Member was deposited when the marine transgression 
reached its maximum extent in Atokan times (Sando et al., 1975). 
Pennsylvanian 
- Tensleep Sandstone The Tensleep Sandstone was named by Darton 
(1904) for exposures in Tensleep Canyon on the west flank of the Bighorn 
Range. The contact between the Tensleep and the underlying Amsden is tran-
sitional (Richards, 1955; Agatston, 1957; Todd, 1964; Sando et al., 1975) 
making it difficult to place. The contact has been variously placed at: 
the top of the cherty carbonate bed of the Ranchester Member (Agatston, 
1952, 1954, 1957), the first occurrence of a red or lavender dolomite or 
shale (Walton, 1947), the top of a thin, cherty carbonate underlain by a 
purple shale (Rioux, 1958; Ladd, 1979), and the base of the first massive 
sandstone (Pierce, 1948). Manahl (1981) placed the contact approximately 
halfway between the massive, cherty carbonate of the Ranchester Member, and 
the first massive sandstone of the Tensleep. 
The Tensleep outcrops along the base of the mountain front and forms 
prominent flatirons to the north of Shell Creek. More extensive exposures 
occur to the south along with landslide deposits that involve the Tensleep 
(Figure 4). The unit is approximately 30 meters thick (Lehman, 1975; 
Manahl, 1981). The lower 15 meters consists of interbedded carbonates, 
shales, and sandstones overlain by 15 meters of white to tan, fine- to 
medium-grained, cross-bedded, massive quartz arenite. 
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The Tensleep is of Des Moinesian age in the Bighorn Basin (Agatston, 
1954; Hembest, 1954; Mallory, 1967; Mankiewicz and Steidtmann, 1979), while 
in western Wyoming fusulinid faunas indicate an age of late Atokan through 
Des Moinesian age. Verville (1957) reported Wolfcampian fusulinids in the 
uppermost Tensleep from the southern Bighorns. 
The Tensleep represents the culmination of a regressive cycle (Sando 
et al., 1975) associated with the uplift of the Ancestral Rocky Mountains 
(Mallory, 1967). In Wyoming, the Ancestral Rocky Mountains consisted of 
the Pathfinder uplift and a portion of the Front Range uplift. This tec-
tonism produced a number of local structural irregularities in the Wyoming 
Province. Mankiewicz and Steidtmann (1979) reported a thinning of the 
Tensleep from Shell Canyon northward to Bighorn Canyon which they attribute 
to the presence of a northeast-southwest trending structural arch in the 
vicinity of the eastern Bighorn Basin. 
The Tens1eep can be subdivided into an upper and a lower unit for 
environmental interpretation. The lower unit, consisting of interbedded 
carbonates, shales, and sandstones, is generally agreed to be a shallow 
marine deposit (Agatston, 1954; Todd, 1964) representing subtidal to 
lagoonal conditions (Mankiewicz and Steidtmann, 1979). 
There are two schools of thought regarding the environmental interpre-
tation of the upper, massive, cross-bedded quartz arenite. Agatston (1954), 
Todd (1964), and Mallory (1967) interpret the massive unit as marine in 
origin. Other workers interpret the unit as representing deposition under 
predominantly eolian conditions, citing" such evidence as large-scale cross-
bedding, high degree of sorting, and frosted quartz grains (Opdyke and 
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Roncorn, 1960; Mankiewicz and Steidtmann, 1979). Mankiewicz and Steidtmann 
(1979) refer to the environment of deposition as an eolian siliclastic 
sabkha consisting of coastal dunes and associated interdunal pond deposits. 
Post-Des Moinesian uplift resulted in regional erosion of the Tensleep 
(Lawson and Smith, 1966). This produced regional and local variations in 
thickness and a lag deposit on the Tensleep erosional surface (Mankiewicz 
and Steidtmann, 1979). 
Permian 
~hosphoria Formation Richards and Mansfield (1912) defined the 
Phosphoria Formation for an exposure consisting of phosphorite, dark shale, 
and chert located in southeast Idaho. They noted that the Phosphoria 
correlates with Darton's (1906) Embar Formation in central Wyoming. Thomas 
(1934) traced tongues of the Phosphoria and Dinwoody eastward into central 
Wyoming and subsequently abandoned the term Embar in preference for the 
Phosphoria and Dinwoody Formations. Burk and Thomas (1956) introduced the 
name Goose Egg Formation, which includes both the Phosphoria and Dinwoody. 
This term is useful in eastern Wyoming where the equivalents of the 
Phosphoria and Dinwoody are not easily differentiated. 
The Phosphoria forms small scallops at the base of the mountain front 
on the north 'side of Shell Creek, while to the south the Phosphoria forms 
extensive exposures that extend up the slopes of the mountain front. 
Manahl (1981) reported a Phosphoria thickness of 67.5 meters near Horse 
Creek Canyon. 
The Tensleep-Phosphoria contact is often marked by a chert breccia 
which represents erosion on the Tens1eep surface (Tourtelot, 1952; Thomas, 
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1956; Campbe~l, 1962; Mankiewicz and Steidtmann, 1979). This breccia is 
present at least locally in the study area; the lateral continuity of this 
bed is difficult to assess due to poor exposures. The breccia, approxi-
mately 30 cm thick, consists of subangular to angular chert pebbles, up to 
1 centimeter in diameter, in a red, very fine-grained sandstone matrix. 
Overlying the basal chert breccia are red shales and siltstones with 
local zones of thin-bedded green and purple shales. The remainder of the 
unit consists of thin- to thick-bedded zones of gypsum, red siltstones, and 
micrites, which are often partially replaced by gypsum. The thick carbon-
ate sequence in the upper part of the Phosphoria, noted by Condit (1916), 
Kozimko (1977), and Ladd (1979) in the Sheep Mountain area, is not present 
in the study area. 
The basal Phosphoria siltstones are Leonardian to Guadalupian in age 
and were deposited by a northeastward transgressing sea (Campbell, 1956, 
1962). A series of east-west transgressions resulted in a zone of carbon-
ate, redbed, and evaporite facies changes in the area of what is now the 
eastern edge of the Bighorn Basin (Mills, 1956; Thomas, 1965). The Black 
Mountain area is very close to such a zone of facies change. The thick 
carbonate sequence which occurs near the top of the Phosphoria at Beaver 
Creek, to the north and west of the study area, is not present in Black 
Mountain Quadrangle. 
Mesozoic 
Triassic 
Dinwoody Formation Condit (1916) was the first to trace the 
Dinwoody into the Bighorn Basin. He noted that the unit thins to the east 
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and apparently pinches out on the eastern and southern margins of the 
Bighorn Basin. 
The Dinwoody is approximately 18 meters thick in the Sheep Mountain 
area (Kozimko, 1977; Ladd, 1979) and unconformably overlies the Phosphoria 
(Newell and Kummel, 1942; Frielinghausen, 1952; Kummel, 1954). It pinches 
out to the east and is not present in the study area. Lithologically, the 
Dinwoody consists of greenish-brown, gypsiferous siltstones (Kozimko, 1977) 
which accumulated in a shallow, restricted marine environment (Newell and 
Kummel, 1942). 
Chugwater Formation Darton (1904) applied the term the Chugwater 
for rocks lying between the Tensleep and Sundance Formations. Later, 
·Darton (1906) assigned the lower strata above the Tensleep to the Embar 
Formation. Lee (1927) named and defined the Alcova Limestone Member from 
outcrops in the Wind River Basin. Love (1939) defined three additional 
members: the Red Peak, the Crow Mountain, and the Popo Agie. Only the Red 
Peak and Alcova Limestone Members are present in the study area. The Crow 
Mountain and Popo Agie Members were removed by pre-Gypsum Springs erosion. 
The Chugwater is extensively exposed in the study area where it forms 
a number of prominent topographic features, such as Red Butte and Chimney 
Rock. The Alcova Limestone Member forms a distinct ledge upon which 
numerous stripped surfaces are developed (Figure 4). 
The Phosphoria-Chugwater contact, in the study area, is/gradational. 
Agatston (1954) noted that in the eastern Bighorn Basin it is very difficult 
to separate the Permain-Triassic contact since the Phosphoria carbonate 
facies changes to a redbed facies. The Phosphoria-Chugwater contact is 
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placed approximately 3 meters above the uppermost thick-bedded gypsum of 
the Phosphoria in the Black Mountain area. 
The Red Peak Member, approximately 177 meters thick (Manahl, 1981), 
consists dominantly of red, calcareous siltstones, moderate- to well-
indurated. The cyclic variation in induration results in a series of 
ledges and reentrants in a scarp face (Figure 4). Thin-bedded green silt-
stones and gypsum stringers are common in the lower portion of the member. 
Exposures on the south side of Shell Creek reveal gypsum veinlets criss-
crossing to form a boxwork structure in the basal red siltstones (Figure 4). 
Ladd (1979) described a similar occurrence of this boxwork structure in the 
Dinwoody Formation near Sheep Mountain. The upper 2 meters of the Red Peak 
Member are comprised of a massive, calcareous, very fine-grained sandstone, 
which commonly contains asymmetrical ripple marks. 
The Red Peak Member has been informally divided, from oldest to 
youngest, into five facies: the silty claystone, the lower platy, the 
alternating, the upper platy, and the sandy (Picard, 1964; Picard and 
Wellman, 1965; Picard, 1967). It has been demonstrated that these facies 
are very extensive laterally, which suggests a marine origin. Pipiringos 
and O'Sullivan (1978) suggest that these rocks were deposited on a stable 
shelf that sloped westward in Triassic times. High and Picard (1967) 
suggest a transitional marine environment with conditions ranging from 
coastal plain to shallow marine for the various facies. Climate, with mud-
stones and siltstones representing alternating wet and dry periods, has 
also been suggested as being an important depositional controlling factor 
(Picard and High, 1963). Subsidence of the shelf coincided with the 
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deposition of the thick Triassic sequence (Picard, 1967; Boyd and Maughan, 
1973). 
Fossils found in the Red Peak Member have been limited to amphibian 
tracks (Lull, 1942) and one specimen of Monotis (Love, 1948) which have not 
proved useful in age determination (Love, 1957). Picard and Wellman (1965) 
suggest that the absence of fossils in this member may be due to higher 
than normal salinities. 
The Alcova Limestone is present throughout the study area and in the 
adjoining Shell Quadrangle (Manahl, 1981). The Shell Canyon locality 
represents the northern-most limit of the Alcova Limestone which has"not 
been truncated by pre-Gypsum Springs erosion (Picard, 1967). The Alcova 
consists of 1.8 to 2.4 meters of a buff to gray, platy, biolithite. It may 
! 
represent a tongue of the Thaynes Formation, a western miogeoclinal deposit 
(Kummel, 1954; Love, 1957; Picard, 1967; Picard et al., 1969). Fossils 
found in the Alcova, which include a marine nothosaur Corosaurus (Case, 
1936), have not yielded a definitive sage. Zangerl (1963) suggests that 
it may be Late Triassic in age on the basis of a restudy of the nothosaur. 
Jurassic 
Gypsum Springs Formation Love (1939) named the Gypsum Springs 
Formation for exposures of redbeds and gypsum in the Wind River Basin. 
Imlay (1956) and Peterson (1957) have divided the Gypsum Springs into 
three informal units which are laterally continuous throughout most of 
central Wyoming. They are a lower gypsum and red shale; a middle limestone, 
dolomite, and red shale; and an upper red shale. The formation is 
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lithologically and faunally equivalent to the Piper Formation of northern 
Wyoming and Montana (Peterson, 1957). 
The Gypsum Springs Formation outcrops along the western boundary of 
the quadrangle. It is approximately 60 meters thick (Manahl, 1981) and 
unconformably overlies the Alcova Limestone (Figure 4). 
The lower unit of the Gypsum Springs consists of a basal, massive 
gypsum overlain by red mudstones and siltstones. The middle unit consists 
of white to buff, thin-bedded micrites in zones up to 1 meter thick inter-
bedded with red and green, calcareous siltstones. The upper unit consists 
of red siltstone and mudstone. Collapse breccias, made up of angular 
micrite and siltstone fragments in a brownish-red, calcareous, siltstone 
matrix, are locally present in the basal Gypsum Springs where the lower 
massive gypsum is absent. Imlay (1956), Kozimko (1977), and Manahl (1981), 
have reported similar occurrences in the Bighorn Basin. 
Jurassic sedimentation began during Bajocian time after a long period 
of regional erosion on the Chugwater surface in Early Jurassic times 
(Imlay, 1945; Peterson, 1954; Love, 1957). The regional unconformity at 
the base of the Gypsum Springs involves increasingly older horizons of the 
Chugwater as it is traced to the north (Picard, 1967). Deposition of the 
Gypsum Springs continued until early Bathonian time (Imlay, 1956). The 
lower and upper red shale and gypsum units originated in a marine evaporite 
basin that developed on the Wyoming shelf (Peterson, 1954, 1957). The 
middle carbonate unit marks the maximum advance of the Middle Jurassic Sea, 
which flooded the evaporite basin with fresh marine waters, resulting in 
carbonate deposition (Peterson, 1957). 
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Sundance Formation Darton (1899) defined the Sundance Formation 
for exposures on the western flank of the Black Hills and later applied the 
name Sundance to equivalent rocks in the Bighorn Mountains (Darton, 1904). 
Cobban (1945) divided the Late Jurassic rocks in Montana into the Rierdon 
and Swift Formations, which are equivalents of the Sundance Formation 
I 
(Imlay, 1947, 1948)~ Neely (1937) and Imlay (1947, 1956) divided the 
formation into upper and lower units--a practice followed by many geo10-
gists working in Montana (Burk, 1956; Peterson, 1957; Rioux, 1958; Ladd, 
1979; Manah1, 1981). 
The lower Sundance and the basal upper Sundance outcrop along the 
western boundary of the study area (Figure 4). The lower Sundance is 
approximately 42.3 meters thick near Horse Creek (Manahl, 1981). In a 
section taken by Darton (1906) on the west side of Trapper Creek, the lower 
Sundance is 29 meters thick. The unconformable Gypsum Springs-Sundance 
contact (Imlay, 1956) is marked by a change from Gypsum Springs red shales 
to the olive shales of the Sundance (Figure 4). 
The basal olive shales, approximately 12.3 meters thick (Manah1, 1981), 
are overlain by an arenaceous and oolithic biosparudite approximately 60 cm 
thick. This is overlain by approximately 30 meters (Manah1, 1981) of olive 
shales, which contain abundant Gryphea nebrascensis. Next, there occurs a 
ridge-forming, arenaceous, fossiliferous, oolite calcarenite that varies in 
thickness between approximately 60 cm, adjacent to the mountain front, to 
3.6 meters in the southwest corner of the quadrangle. This is overlain by 
a small amount of olive shales of the basal upper Sundance, which.contains 
Pachyteuthis densus. 
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The lower Sundance is Callovian age while the upper Sundance is 
Oxfordian age (Imlay, 1956). Neely (1937) and Imlay (1956) support the 
idea that a widespread unconformity (late Callovain age) separates the 
upper and lower Sundance. Peterson (1957) and Stone (1967) have found the 
lower and upper Sundance to be conformable on a local basis. No evidence 
of an unconformity was observed by previous workers in the area (Stone, 
1967; Stone and Vondra, 1972; Manah1, 1981). 
The Wyoming Shelf, while slowly subsiding, was covered by a shallow, 
elongated arctic qea during the Late Jurassic (Brenner and Davies, 1973). 
Peterson (1957) suggests that modern tectonic features of Wyoming, such as 
the Wind River Basin and Big Horn Basin, were in the early stages of deve1-
opment, indicated by a slight thickening of Late Jurassic sediments in 
these areas. The Sheridan Arch was an important tectonic factor which 
influenced sedimentation during the Late Jurassic (Peterson, 1954, 1957; 
Imlay, 1956). The Sundance Sea retreated between lower and upper Sundance 
sedimentation as is indicated by the unconformity between these two units 
over the Sheridan Arch (Imlay, 1956). Deposition continued in the basin 
areas (Peterson, 1957). 
The Sundance Sea is characterized as a shallow body dominated by tidal 
and storm currents (Stone and Vondra, 1972; Brenner and Davies, 1973). The 
shales representing tidal flat deposits. Stone and Vondra (1972) demon-
strated the influence of tidal currents on the Hullett Sandstone Member 
along the eastern rim of the Bighorn Basin. High energy storm and tidal 
events probably were the exception rather than the rule in quiescent 
Sundance seas, as is indicated by the shales and abundant benthonic fossils. 
42 
Cenozoic 
Quaternary 
Paton Conglomerate Heroy (1941) first described the Paton Conglom-
erate as a 1ithified terrace deposit that occurs opposite the Wagon Wheel 
Cafe in the Black Mountain Quadrangle. The conglomerate has no known 
counterpart in the basin, although the terrace level, in which it occurs 
(Qt6), correlates to the Cottonwood terrace level alopg the Bighorn River 
(Palmquist, R. C., 1978). 
The conglomerate occurs approximately 97 meters above the present 
Shell Creek floodplain. It rests unconformably on the Phosphoria Formation 
and outcrops on a hi lIs lope which is supported by the Tensleep Sandstone. 
The unit is approximately 4 meters thick and of very limited areal extent. 
The conglomerate was not mappable as a separate unit at a 1:24,000 scale. 
Referring to Figure 2, the Paton Conglomerate is located within Qt6 
(Quaternary terrace level 6) in the NW 1/4, SE 1/4, Sec. 17, T.53N., R.90W •. 
Lithologically, the conglomerate is comprised of material derived from 
the Paleozoic and Precambrian rocks of the area. The most common clast 
lithology in the conglomerate is limestone derived from the Madison Forma-
tion (Heroy, 1941)~ The constituents of the unit are generally well-
rounded and range from silt size to boulders with diameters up to 30 em or 
more. The unit is moderately to poorly indurated with a calcium carbonate 
cement (Heroy, 1941). 
The Paton Conglomerate is of fluvial origin. Shell Creek had reached 
Precambrian base level in the upper reaches of Shell Canyon as is indicated 
by the Precambrian material found in the conglomerate (Bible, 1978). The 
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preservation of more fragile materials, such as Paleozoic siltstone frag-
ments, indicates that transport distance in some cases was not very far. 
Directly overlying the Paton Conglomerate, there is a 5 to 10 cm thick 
volcanic ash deposit similar to the Pearlette type "0" ash (Bible, 1978; 
Palmquist, R. G., 1978). It has been dated as 0.6 m.y.B.P. indicating a 
Pleistocene age (Bible, 1978). 
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STRUCTURE 
Introduction 
Black Mountain Quadrangle includes a portion of the eastern rim of the 
Bighorn Basin and the western flank of Bighorn Mountains. The quadrangle 
includes portions of both the south-central and north-central Bighorn 
structural divisions~ separated by Shell Canyon and characterized by a 
change in the orientation and character of the mountain front (Thom~ 1923~ 
1952; Heroy~ 1941). The prominent structural features in the area include 
Shell Creek Monocline and Trapper Creek Monocline which are discussed in 
the following sections. 
Structural Elements of Black Mountain Quadrangle 
Shell Creek Monocline 
The Shell Creek Monocline is located north of Shell Creek in the 
north-central structural division of the Bighorn Mountains. An excellent 
cross-section of the monocline is exposed. on the north wall of Shell Canyon 
(Figure 5). The axis of Shell Monocline trends N600W and plunges 4° to the 
northwest and is, thus~ roughly parallel to the overall trend of the 
Bighorn Mountains and the structural features found in the Bighorn Basin. 
Stearns (1971) proposed a model of drape folding based on observations 
made at Rattlesnake Mountain that can be applied to the Shell Monocline. 
Stearns (1971) divides the fold into five blocks (Figure 8). Blocks 1 
through 4 are exposed in the Black Mountain region. Block 1 is nearly 
flat-lying adjacent to Shell Creek Canyon but acquires a gradual north-
eastern dip toward Dry Horse Creek. Associated with this gentle anticline, 
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Figure 5. Photographs of structural aspects of Black Mountain Quadrangle 
a. Shell Monocline 
h. Trapper Creek Monocline 
c. Slickensides developed in the Tensleep Sandstone 
d. Change in dip of the Alcova Limestone along strike 
e. Shattered hinge zone of Shell Monocline 
f. Change in orientation of mountain front 
a b 
c d 
e f 
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a gentle syncline has also developed in Block 1 (Figure 2). The axis of 
the monocline is located between Blocks 2 and 3. This zone of high strain 
is marked by accelerated erosion of the rock units across the hinge 
(Figure 5). Block 3 forms the steepest portion of the mountain front. A 
general increase in dip occurs along Block 3 as it is traced to the north-
west with dips ranging from 20° at the southeast end to 55° at the north-
west end. The boundary between Blocks 3 and 4 is marked by a decrease in 
dip. This boundary is located within the Chugwater and Phosphoria 
Formations except in the northwest portion of the quadrangle where it 
crosses stratigraphic boundaries and is located in the Sundance Formation. 
This is shown in Figure 5 by the sudden steepening of the Alcova Limestone 
from 7° to 29°. 
No faulting of the sedimentary strata or thinning of post-Cambrian 
strata is associated with the Shell Monocline. Figure 6 indicates that 
over 1,200 meters of relief have developed on the surface of the Precam-
brian across the monocline. 
Trapper Creek Monocline 
The Trapper Creek Monocline lies south of Shell Creek in the south-
central structural division of the Bighorn Mountains (Figure 2). Trapper 
Creek Monocline is exposed on the south wall of Shell Canyon (Figure 5) and 
in White Creek Canyon. The axis of the monocline between Shell Creek and 
Trapper Canyon trends N15°W and plunges southward about 1°. Between White 
Creek and Trapper Creek, the axis gradually swings to an orientation of 
N25°W. 
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Figure 6. Geologic cross-sections of Black Mountain Quadrangle 
a. Shell Monocline 
b. Trapper Creek Monocline 
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Dips along the steepest portion of the mountain front south of Shell 
Creek range from 36° near Shell Creek to 20° near Trapper Creek. South of 
White Creek,. dips on the upper surface shift from west to east resulting in 
the transition from a monoclinal structure to an asymmetrical anticline in 
the region of Black Mountain (Figure 2). The mountain front resumes its 
westward dip across a gentle syncline (Figure 2). 
A structural terrace is present south of Shell Creek with dips in the 
range of 4° to 10° flanked by strata dipping in the 15° to 20° range 
(Figure 2). The terrace is approximately 2.5 kilometers wide near Trapper 
Creek and narrows to the north toward Shell Creek. Figure 6 shows the 
relationship between the structural terrace and Trapper Creek Monocline. 
No faulting or thinning of the sedimentary strata is associated with 
Trapper Creek Monocline. Figure 6 shows that the uplift associated with 
Trapper Creek Monocline is more gradual or diffuse than the uplift associ-
ated with Shell Creek Monocline. 
Mountain front flexure 
The intersection between Shell Creek Monocline and Trapper Creek 
Monocline occurs in Shell Canyon on the north side of Shell Creek. The 
angl~etween the two monoclines is approximately 45°, which corresponds to 
the change in orientation which occurs along the mountain front. This 
hinge zone appears to be continuous in post-Cambrian rocks. Numerous 
small, horizontal, intraformational faults are present in the Tensleep and 
Phosphoria Formations in the hinge region. Slickensides in the massive 
sandstone of the Tensleep (Figure 5) and in the carbonate beds of the 
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Phosphoria indicate that these units compensated for the mountain front 
flexure by lateral movement. 
The flexure is more gradual in Mesozoic rocks toward the basin. 
Conversely, the flexure must have also been more severe in Shell Canyon 
shattering the rocks and resulting in the topographic asymmetry seen in the 
canyon. 
Faults 
Two major faults are exposed in the quadrangle, both of which occur in 
Shell Canyon (Figure 2). Unfortunately, extensive mass movement phenomena 
in the canyon often obscure the location of these faults. 
A major fault occurs along Cottonwood Creek in the canyon (Figure 2). 
The trend of the fault in the Precambrian basement is generally N-S. The 
amount of displacement along the fault appears to be on the order of 100 
meters. 
The location of the second fault is inferred on the basis of a shear 
zone associated with a cliff face of Precambrian granitic gneiss which 
displac~s a lower Gros Ventre sandstone bed (Vondra, personal communication, 
Iowa State University, 1982). The fault trend is approximately parallel to 
Shell Creek Monocline (N600W) and appears to be an extension of the fault 
associated with the development of the monocline (Figure 8). The amount of 
displacement along the fault is approximately 100 meters. 
The relationship between the two faults exposed in Shell Canyon is 
unknown. Figure 2 shows that these faults may intersect in the Cottonwood 
Creek region. 
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Lineaments 
The Shell Creek Lineament was proposed to be a major east-west feature 
which crosses the Bighorn Range on the western side via Shell Creek Canyon 
and extended into the Bighorn Basin (Hoppin and Jennings, 1971). The 
lineament was originally proposed as an extension of the Cross Creek Linea-
ment on the eastern flank of the Bighorns (Demorest, 1941). 
No field evidence was found which supports the existence of this 
lineament. Hoppin and others (1974) found no evidence of this feature on 
ERTS or conventional air photography. The existence of this lineament is 
considered as speculative (Hoppin, 1974). 
Joints 
Joints are common along the mountain front region in the competent 
rock bodies. A quantitative study of joint trends was not undertaken in 
this study; however, several such studies have been conducted in the Shell 
Creek region (Rohr et al., 1964; Lehman, 1975). 
Lehman (1975) described an orthogonal NW-NE set of joints perpendicu-
lar to bedding planes in the competent sedimentary section. The joint 
pattern in the Precambrian is much more complicated and diverse. Lehman 
(1975) reports an orthogonal NW-NE near vertical set of Precambrian joints 
which correlates to those found in the sedimentary strata. A subhorizontal 
set of joints is also present, which Hoppin (1961) attributed to relict 
sheeting resulting from unloading. Hoppin and Palmquist (1965) report that 
the most common joint trend that occurs in the Bighorns is N 10-15 0 E 
associated with Precambrian shear foliation. Rohr et al. (1964) report 
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similarly oriented joints in the Precambrian of Shell Canyon which they 
interpreted as shear fractures related to pre-Laramide tectonic activity. 
Origin of Structural Features 
Introduction 
A number of different hypotheses have been proposed concerning the 
development of Laramide structure in the Wyoming Province. Berg (1981), 
Blackstone (1981), and Hamilton (1981) propose that folding of the basement 
was an important component in Laramide deformation. Berg (1981) and 
Blackstone (1981) conclude that folding of the basement into antiforma1 
structures is evident in the Wind River and Bighorn Mountains •. The 
mechanisms by which this "basement folding" took place are not known (Berg, 
1981). 
Sales (1968, 1981) and Stone (1969) attribute the structural style of 
the Wyoming foreland to movement along major west-northwest, left-lateral 
lineaments. Sales (1968) produced structural patterns and styles similar 
to those seen in the Wyoming foreland using model studies that simulated 
deep-seated wrench faulting and left lateral "coupling." 
One of the most popular models concerning the development of the 
Laramide structural style involves horizontal motion along low-angle 
reverse faults (Blackstone, 1940, 1963, 1980, 1981; Berg, 1962, 1981; 
Brown, 1981; Hamilton, 1981; Kanter et a1., 1981). The Wind River Range is 
commonly used as the "type example" of this type of structural development 
(Berg, 1981). Berg (1981) has published information on several other major 
thrust faults in the Wyoming foreland based on ·seismic information. 
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Structural geometries which support each of the above models are 
present in the Wyoming foreland, but none of these models accounts for the 
geometry of the structures seen in the Black Mountain Quadrangle. The 
model that best accounts for the structural form in this region is vertical 
motion along high-angle faults (Bengston, 1956; Osterwa1d, 1961; Eardley, 
1963; Prucha et a1., 1965; Stearns, 1971, 1975,1978; Palmquist, J. C., 
1978; Matthews, 1981). Early authors considered vertical block uplift in 
the light of horizontal compression (Thorn, 1923; Chamberlin, 1945; Grose, 
1972). More recent interpretations favor differential vertical forces 
acting on the base of the brittle crust (Osterwa1d, 1961; Stearns, 1975, 
1978; Matthews, 1981). Secondary compressional structures are often asso-
ciated with the stress fields generated by differential vertical uplift 
(Be1oussov, 1962; Prucha et a1., 1965). 
Pre-Laramide tectonics 
The Wyoming cratonic foreland was relatively stable in pre-Laramide 
times. The Bighorn region was situated on the eastern shelf of the Cordil-
leran miogeocline (Thomas, 1965). 
During the Paleozoic, regional uplifts, recorded as major unconformi-
ties, occurred during the Late Silurian-Early Devonian, Late Mississippian, 
and Late Pennsylvanian times. Deformation associated with the formation of 
the Ancestral Rocky Mountains during Pennsylvanian-Permian time affected 
the southern portion of the Wyoming Province (Kanter et a1., 1981) ~nd 
coincided with a southerly tilting of the Bighorn region (Thomas, 1965). 
The Mesozoic Era was characterized by several cycles of uplift and 
subsidence along with additional southerly tilting in the Bighorn region 
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(Thomas, 1965; Samuelson, 1974). Regional uplift and emergence during Late 
Triassic times resulted in erosional thinning of Triassic sediments. The 
onset of the Nevadan Orogeny brought renewed regional uplift and the devel-
opment of the Casper Arch, a northwest-plunging, low relief structure which 
extended the length of the present Bighorn Basin during Late Jurassic times 
(Thomas, 1965). 
Subsidence along with the development of minor structural irregulari-
ties characterized the Bighorn region during Cretaceous time until the 
onset of Laramide tectonics during mid-Maestrichtian time (Raun and Kent, 
1965; Thomas, 1965). The effects of the Laramide Orogeny resulted in 
intense crustal deformation. 
Laramide tectonics 
At the beginning of the Laramide Orogeny during Maestrichtian time, 
the elevation of the relatively flat-lying surface in the Wyoming Province 
was between 3,000 to 3,600 meters below sea level (Stearns, 1978). By the 
end of the Laramide Orogeny in the middle Eocene, 4,500 to 13,500 meters of 
structural relief had developed on the basement surface (Haun and Kent, 
1965). There is now more than 12,000 meters of structural relief between 
the Bighorn Mountains and Basin (Raun and Kent, 1965; Stearns, 1978). 
Prucha et a1. (1965) proposed that the structures of the Wyoming 
Province were formed by large-scale differential movements along high-angle 
reverse faults, i.e., upthrusts. Stearns (1971, 1975, 1978) has continued t 
to refine and modify the vertical tectonics model and relates the struc-
tural style of the Wyoming foreland to the uplift and rotation of fault-
bounded basement blocks and the nature of the sedimentary veneer. 
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Stearns (1971) defined the basement as "rocks which are statistically 
homogeneous and isotropic, which behave in a brittle fashion to depths of 
50,000 feet." Hafner (1951) and Sanford (1959) demonstrated that differ-
ential vertical loading of an isotropic material results in a predictable 
pattern of normal, high angle reverse., and thrust faults all of which are 
curved in cross-section (Figure 7). Couples (1978) produced similar 
results with a horizontal load superimposed on the differential vertical. 
load. Stearns (1971, 1978) has used these models to account for the 
variety of fault types present in the foreland and, additionally, has 
demonstrated that rigid body rotation is possible along curved faults with-
out creating voids or overlaps in the basement. 
While faulting is the dominant mode of deformation in the basement, 
folding is dominant in post-Cambrian rocks, providing that the dip of the 
basement fault is greater than 60° and burial at the time of deformation 
was less than 25,000 feet (Stearns, 1978). This structural style is 
referred to as "forced folding" in which the overall shape and trend of the 
structure is a function of some forcing member below (Stearn, 1978). 
In order to accommodate differential basement uplift without faulting 
the overlying sedimentary veneer, it is required that the sedimentary 
section lengthen normal to the fold axis. This can be done-by either 
thinning of the folded layers or detachment. Detachment involves the 
lateral transport of excess material into the cross-sectional area of the 
fold •.. The process takes place through the internal deformation of the 
units inv~lved (Stearns, 1971). Significant thinning associated with drape 
folding is not widely rep?rted in post-Cambrian rocks, indicating that 
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detachment is the extension mechanism. Stearns (1971) identified a detach-
ment surface at Rattlesnake Mountain in the first regional bedding plane of 
the Bighorn Dolomite, approximately 8 to 12 feet above the Cambrian-
Ordovician contact. This correlates to the detachment surface identified 
by Pierce (1957) in the Heart Mountain detachment structure. Additional 
lengthening in drape folds is generated in the hinge zone associated with 
extensional ~tresses that result in shattering. 
The final geometry of a forced fold depends on the nature of the 
layered rock sequence (Prucha et al., 1965; Stearns, 1978). The thick 
Cambrian shale sequence, that is generally present throughout the Wyoming 
Province, has been an important factor in determining the structural 
geometry seen today. This thick shale sequence has been compared to a 
shock absorber (Palmquist, J. C., 1978) in that this sequence can be 
attentuated by ductile flow causing basement faults to grade into continu-
ous drape folds at higher stratigraphic levels (Heroy, 1941; Stearns, 1971, 
Stearns a~d Weinberg, 1975). 
Stearns (1975) has divided these folds into five blocks to facilitate 
discussion and comparison of drape folds. Figure 8 shows these blocks in a 
generalized diagram. which depicts a "typical drape fold and associated 
faults" as seen on the western flank of the Bighorn Mountains. 
Pre-Laramide fractures and foliations present in the Precambrian rocks 
are not thought to have been the controlling factor in the northwest struc-
tural trend in the Bighorn region; however, certain high angle faults which 
cut both the basement and cover, such as the Tensleep Fault, are believed 
to be related to pre-Laramide basement anisotropies (Hoppin and Palmquist, 
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1965). During the Laramide Orogeny, an orthogonal set of northeast-
northwest trending tension fractures developed in both the basement and 
uverlylng sedimentary veneer (Jennings, 1967; Hoppin and Palmquist, 1965; 
Lehman, 1975). 
Six major east-west lineaments cut across the Pryor-Bighorn uplift and 
extend into the western adjoining basins (Hoppin and Jennings, 1971). Each 
of these lineaments expresses differing degrees of vertical and lateral 
movement (Hoppin and Jennings, 1971; Hoppin, 1974). The tectonic signifi-
cance of the lineaments is not well-understood. However, it has been 
suggested that the arcuate shape of the Bighorns is due to differential 
movement along them and that they may be related to overriden transform 
faults associated with the East Pacific Rise (Stone, 1969; Hoppin and 
Jennings~ 1971; Lowell, 1974). 
Post-Laramide tectonics 
The intense crustal deformation associated with the Laramide Orogeny 
decreased during middle and late Eocene time (Love, 1960). During the same 
period, extensive volcanic activity originating in the Absaroka-Yellowstone 
region contributed vast amounts of pyroclastic material that extended across 
the entire Bighorn Basin (Bown, 1980). By the late Oligocene, the Bighorn 
Basin was filled to about the present 2,700 meter contour corresponding to 
the Bighorn Mountain subsummit surface (Mackin, 1937; Ritter, 1975; Bown, 
1980). 
Volcanic activity continued during the Miocene and Pliocene along with 
regional uplift in late Oligocene and early Miocene (Bown, 1980). By late 
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Pliocene time, the Teton Range had developed and regional excavation of the 
sediment fill had begun (Love, 1960). Rapid epeirogenic uplift and 
volcanic activity associated with large-scale normal faulting and folding 
took place in the Wyoming Province (Love, 1960). 
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GEOMORPHOLOGY 
Introduction 
The Bighorn Basin is a structural and topographic basin flanked by the 
Pryor, Bighorn, Owl Creek, Absaroka, and Beartooth Mountains (Figure 1). 
These mountains supply the basin with various types of sedimentary, igneous, 
and metamorphic rocks. The Bighorn Basin is drained by the Bighorn River 
and its four major tributaries, 'the Shoshone River, Greybull River, Nowood 
River, and Shell Creek. The present geomorphic expression of the Bighorn 
Mountains and Basin is a function of Quaternary processes (Mackin, 1937, 
1947; Moss and Bonini, 1961; Ritter, 1967, 1975). 
Approximately 6,300 meters of fluvial and lacustrine sediments accumu-
lated in the deeper parts of the Bighorn Basin between Late Cretaceous and 
Eocene time (Bown, 1980). This sequence was capped by Oligocene rocks, 
which filled the basin to around the 2,700 meter elevation of the adjacent 
Bighorn Mountains (Mackin, 1937, 1947; Van Houten, 1952; Ritter, 1975; 
Bown, 1980). This elevation corresponds in many localities to the Bighorn 
subsummit surface developed on Precambrian rocks. Mackin (1937) proposed 
that this surface was cut as a late Miocene or early Pliocene pediment 
reflecting the elevation of Tertiary basin fill. 
During the middle Pliocene and Pleistocene, the basin was being 
reexcavated as is evidenced by the various terrace levels which occur along 
the rivers and streams that drain the basin. The geomorphic evolution of 
the basin is complex as has been shown by Mackin (1935, 1936, 1937). 
During the Pleistocene, the higher elevations of the Bighorn Mountains 
were subjected to several glacial episodes (Richmond, 1965) which correlate 
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with terrace remnants in the basin (Moss and Bonini, 1961; Ritter, 1967, 
1975; Wallace, 1971; Palmquist, R. C., 1978) and landslide deposits in the 
lower elevations of the mountains (Palmquist and Bible, 1977; Bible, 1978). 
This suggests that most of the geomorphic features in the Bighorn Basin and 
Mountains are a result of climatic rather than tectonic control. 
Geomorphic Features of: Black Mountain Quadrangle 
The most prominent topographic features in the Black Mounta~n region 
are the flatirons that line the mountain front on the north side of Shell 
Creek. These are formed where the steeply dipping strata of the mountain 
front are dissected by parallel gully erosion. The flatirons are upheld by 
four formations: the Madison Limestone, the Amsden, the Tensleep Sandstone, 
and the Phosphoria. 
Stripped surfaces are another prominent feature in the quadrangle. 
Extensive stripped surfaces have developed on the Alcova Limestone where 
the angle of dip is generally less than 50 (Figure 11). Stripped surfaces 
of a much smaller areal extent have also developed on the carbonates of the 
Phosphoria and Gypsum Springs Formations. 
A prominent topographic feature that is revealed in air photos is the 
asymmetrical shape of Shell Canyon--the northern side extends much farther 
back from the modern Shell Creek than the southern. Bible (1978) found no 
evidence that this was due to lateral migration of· Shell Creek. As noted 
previously, a flexure in the mountain front due to the intersection of 
Shell Creek and Trapper Creek Monoclines is present in the Shell Canyon 
region. The projected trace of this flexure lies north of Shell Canyon. 
It may have been that the intersection of the two monoclines was a region 
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of greater than average jointing. Terzaghi -(1962) has shown that the 
stability of a slope is determined by physical defects in the rock such as 
joints and faults. Bible (1978) suggests that the north side of Shell 
Canyon has retreated due to production of talus from the Bighorn-Madison 
cliff and subsequent removal of this talus by colluvial landslides. 
Bible's conclusion supports the idea that the northern portion of Shell 
Canyon was a region of high adjustment stress between the mountain fronts 
north and south of Shell Creek. 
Several spectacular, steep, V-shaped canyons are present along the 
mountain front, which have developed over 1,000 feet of relief. These 
include Dry Horse Creek Canyon, l~ite Creek Canyon, and Trapper Creek 
Canyon. The steep walls of these canyons are supported by the Bighorn, 
Darby, and Madison Formations. Shell Creek exits Shell Canyon through a 
narrow gorge cut into westward dipping Orodovician through Pennsylvanian 
strata. 
Terrace remnants 
Terrace remnants occur along perennial as well as intermittent streams 
in the Black Mountain area. R. C. Palmquist (1978) has correlated those 
along Shell Creek with terrace levels along the Bighorn and Greybull-Rivers~ 
Mackin (1937) noted that each of the major rivers in the Bighorn Basin 
had formed a series of terraces at various elevations. He suggested that 
these terraces were erosional in origin formed by lateral migration, 
resulting in a flat bedrock surface capped by thin gravels. Moss and 
Bonini (1961) proposed an alternative model to Mackin's rock-cut terraces. 
They suggested that the terraces formed on valley fill consisting of 
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gravels which buried the former topography and then underwent erosion. 
Later work by Moss (1974) and Ritter (1975) demonstrated that both rock-cut 
terraces and valley fill terraces are present in the Bighorn Basin. Moss 
(1974) showed that valley fill terraces tend to be "paired," while rock-cut 
or strath terraces are usually "unpaired." Terrace sequences in the study 
area tend to be "unpaired terraces," except along Sunlight Gulch, where a 
paired terrace system is present. 
Terrace levels along Shell Creek occur at 6, 26, 46, 63, 76, and 100 
meters above the present flood plain (Palmquist, R. C., 1978). Other 
workers have reported terrace sequences that correspond either in part or 
totally to the terrace sequence reported by Palmquist (Wallace, 1971; 
Kozimko, 1977; Manahl, 1981; Reppe, 1981). 
Terrace remnants along Shell Creek in the Black Mountain area occur at 
6, 26, 46, and 100 meters above the present floodplain, correlating to 
Palmquist's Qtl , Qt2 , Qt3, and Qt6, respectively (Figure 9). The 63 and 
76 meter levels noted by R. C. Palmquist (1978) are not present in the study 
area but are present in the adjacent quadrangle to the west (Manahl, 1981). 
Qtl and Qt2 correlate to the Cody and Powell terrace levels (Palmquist, 
R. C., 1978) which Moss and Bonini (1961) have correlated to Pinedale and 
early Bull Lake glacial moraines, respectively. The Qt3 terrace level 
correlates to the Sanatarium Terrace (Emblem Bench) of the Bighorn River. 
An ash deposit referred to as the "Field Camp ash," dated at 0.1 to 0.2 
m.y.B.P., occurs at this terrace level (Palmquist, R. C., 1978). Wallace 
(1971) correlated terrace level three to middle Bull Lake moraines reported 
by Richmond (1964). Wallace (1971) correlates the Qt4 and Qt5 terrace 
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levels to late Bull Lake and Sacagawea glaciations. The Qf6 terrace level 
correlates to the Cottonwood Terrace level of the Bighorn and Greybull 
Rivers. Heroy (1941) reported the occurrence of an ash at this terrace 
level near the Wagon Wheel Cafe in Black Mountain Quadrangle. Bible (1978) 
examined this ash and determined that it is a Pearlette-like type "0" ash 
dated at 0.6 m.y.B.P. This correlates fairly well to Cedar Ridge glacial 
moraines. 
Intermittent streams in the Sunlight Gulch area include Sunlight Gulch 
Creek and an adjacent unnamed creek to the west which Wallace (1971) 
referred to as Elephant Head Creek. Four terrace levels are present in the 
Sunlight Gulch area at 6, 26, 46, and 63 meter levels. Figure 10 demon-
strates that these terrace levels correlate to the lower four terraces 
along Shell Creek. 
Two terrace levels occur on White Creek, which correlate to the lowest 
two terrace levels on Shell Creek. One terrace level was mapped on Trapper 
Creek corresponding to the lowest Shell Creek level. 
The present-day drainage system has been relatively stable for the 
past 25,000 years. Bible (1978) relates this to the relatively stable base 
level of Shell Creek since it has entrenched in Precambrian rocks as well 
as the relatively stable climate (interglacial) of the region for at least 
the last 25,000 years. 
Alluvial deposits 
Holocene alluvial deposits over 3 meters thick were mapped along 
Shell, Trapper, and White Creeks. Alluvial deposits also occur in a 
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coalescing fan complex along the mountain front north of Shell Creek 
(Figure 2). 
The composition of the stream gravels is similar to the alluvial fill 
associated with the terraces of that particular stream (Wallace, 1971; 
Manahl, 1981; Reppe, 1981). Manahl (1981) reports that the average compo-
sition of Shell Creek gravels is 86 percent carbonate, 10 percent chert, 
3 percent igneous, and 1 percent sandstone clasts. A quantitative study of 
the gravels along White and Trapper Creeks was not undertaken. Field 
observation of these gravels indicates a composition similar to that 
reported for Shell Cree~ gravels except that igneous components are very 
rare. 
Landslides 
Landslides are defined as: the downward and outward movement of slope 
forming materials by gravity (Flint and Skinner, 1974). Materials derived 
from all of the Paleozoic formations in the Shell Canyon area, except the 
Phosphoria, form landslide deposits. The most common landslide material is 
derived from Cambrian through Mississippian strata in the Shell Canyon 
locality. Landslide deposits made up of Pennsylvanian strata (Tensleep and 
Amsden) occur in systematically "stacked" deposits on the south side of 
Shell Canyon and as an isolated, random, landslide deposit on the north 
side of Shell Canyon (Figure 2). 
Shell Canyon is covered by approximately 845 square kilometers of 
relict and active landslide deposits (Bible, 1978). Several detailed 
studies of the landslide activity in Shell Canyon have been done (Holland 
and Everitt, 1974; Bible, 1978). The material making up these landslide 
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deposits consists of large, intact, Paleozoic bedrock blocks (slump blocks), 
usually involving the Bighorn, Darby, and Madison Formations, and colluvium 
derived from Paleozoic rock, usually green Cambrian shales (Figure 3). 
Terzaghi (1950) has described various factors which control the 
distribution of landslides, such as: mechanical properties of material 
involved, earthquakes, climatic conditions, stratigraphy, and topography. 
Bible (1978) has demonstrated that all of these factors influenced the 
distribution of landslides in Shell Canyon but concludes that the dominant 
factors are the mechanical properties of the rocks and climatic changes. 
The Cambrian shales, especially when saturated, are highly prone to 
failure (Holland and Everitt, 1974). Most of the landslides in Shell 
Canyon are attributed to failure surfaces which developed in the Gros 
Ventre and Gallatin Formations (Holland and Everitt, 1974; Bible, 1978). 
Five periods of increased landslide activity have been identified in Shell 
Canyon related to the increased moisture availability of a glacial climate 
(Palmquist and Bible, 1977; Bible, 1978). These periods have been identi-
fied by the interfingering of landslide deposits and glacial tills or 
volcanic ash deposits. The relationships indicate 1 Holocene, 3' Pinedale, 
3 Bull Lake, 1 Sacagawea, and 1 Cedar Ridge episode of landsliding (Bible, 
1978). Each landslide episode is interpreted to have occurred just prior 
to a glacial advance. 
Several landslide deposits occur on the south side of Shell Creek, 
which involve the Tensleep Formation. These deposits occur across the 
structural terrace in a "stacked" sequence, indicating as many as five 
separate landslide episodes. Each episode is marked by a lateral change 
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from colluvium at the top of the slide to large, massive sandstone blocks 
from the upper Tensleep which cap the slide (Figure 11). At one locality, 
five such sequences are stacked over a lateral distance of approximately 
1,200 meters. These "stacked" deposits decrease in size southward as the 
dip along the mountain front decreases (Figure 2). 
The stacked nature of these landslides deposits suggests that they are 
associated with some type of reoccurring event. Possibly these deposits 
are related to several phases of mountain front uplift or climatic stages 
of increased moisture availability. 
Erosion surfaces 
Numerous patches of gravel-covered surfaces occur in the study area of 
an unknown origin. These surfaces are common in the northwest corner of 
the quadrangle, occurring on the Sundance Formation (Figure 2). These 
types of gravel-capped surfaces with speculative origins were designated 
erosion surfaces. 
Pediments 
Hadley (1967) .defined a pediment as n. • • an erosional surface of low 
relief that slopes away from the base of a mountain mass or an escarpment 
in arid regions and is covered by a veneer of alluvium." This definition 
is descriptive and does not imply any single origin for these features. 
Hadley (1967) provides a good review concerning models on the origin of 
pediments. 
Pediment surfaces have developed on the Sundance Formation in the 
northwest corner of the quadrangle (Figure 2). When viewed from a distance, 
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Figure 11. Photographs of geomorphic aspects of Black Mountain Quadrangle 
a. North wall of Shell Creek Canyon 
b. Flatirons along the mountain front on the north side of 
Shell Creek 
c. Stripped surfaces developed on the Alcova Limestone 
d. Red Butte 
e. Tens1eep landslide deposits on the south side of Shell 
Creek 
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these surfaces appear smooth with a concave, upward shape. Upon closer 
examination, these surfaces are 'extensively dissected by gullies, erosion, 
and are littered with numerous carbonate and sandstone boulders. Manahl 
(1981) reports that the rock debris on these pediments is composed of 
85 percent carbonate, 8 percent chert, 3 percent sandstone, and 4 percent 
miscellaneous. The pediments slope approximately 8° near the mountain 
front. 
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SUMMARY 
Black Mountain Quadrangle encompasses a portion of the western flank 
of the Bighorn Mountains and eastern rim of the Bighorn Basin. The region 
was part of the cratonic platform that underwent deformation during the 
Laramide Orogeny. The craton had been relatively stable since Late Archean 
time, when the region was metamorphosed to the amphibolite facies. 
Regional relief on the Precambrian surface at the start of Cambrian deposi-
tion was probably less than 120 meters. 
Cambrian rocks were deposited in a transgressive sequence that becomes 
younger to the east. Following deposition of the Flathead, Gros Ventre, 
and Gallatin Formations, the sea regressed, reworking Gallatin sediments. 
Subsequent transgressions in Cincinnatian, Senecan, and late Kinderhookian 
times resulted in the deposition of the Bighorn~ Darby, and Madison Forma-
tion, respectively. The seas regressed in Late Mississippian time, leaving 
the Madison emergent at which time it underwent regional erosion and 
development of extensive karst topography. By late Des Moinesian time, 
the Amsden and Tensleep Formations had been deposited, followed by regional 
uplift and erosion. Restricted seas deposited the Phosphoria, Chugwater, 
and Gypsum Springs Formations. Extensive erosion beveled the upper portion 
of the Chugwater before Gypsum Spring¢ sedimentation began in the Middle 
Jurassic. Arctic seas influenced by strong, intermittent storm and tidal 
currents deposited the Sundance in Late Jurassic times. Fluvial and 
shallow marine deposits characterize the rest of the sedimentary strata 
until the onset of the Laramide Orogeny in Maestrichtian time. 
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The Laramide Orogeny is associated with stresses that were generated 
by the shallow, subhorizontal subduction of an oceanic plate beneath the 
region. These stresses resulted in vertical displacements as great as 
13,500 meters of fault-bound basement blocks. The nature of the sedimen-
tary strata and the high angle of the basement faults result in these 
faults grading into folds in the overlying sedimentary strata. By the end 
of the Laramide Orogeny in Eocene time, most of the major ranges and basins 
in the Wyoming Province were outlined. 
Post-Laramide tectonic activity consisted of regional uplifts, normal 
faulting, and volcanic activity. By late Oligocene, the Bighorn Basin was 
filled to the 2,700 meter level with what was dominantly volcanic sediments 
derived from the west. Epeirogenic uplift resulted in regional degradation, 
which was accelerated by increased moisture associated with Pleistocene 
alpine glaciation. Accelerated downcutting of the drainage system during 
such episodes resulted in various terrace levels in the basin. 
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